Neuromyelitis optica spectrum disorder (NMOSD) is a rare, autoimmune disease of the central nervous system that primarily attacks the optic nerves and spinal cord leading to blindness and paralysis. The spectrum of the disease has expanded based on the specificity of the autoimmune response to the aquaporin-4 water channel on astrocytes. With wider recognition of NMOSD, a standard of care for treatment of this condition has condition based on a growing series of retrospective and prospective studies. This review covers the present state of the field in the treatment of acute relapses, preventive approaches, and therapies for symptoms of NMOSD.
Introduction
Neuromyelitis optica spectrum disorder (NMOSD) is a rare, autoimmune disease of the central nervous system (CNS) that primarily attacks the optic nerves and spinal cord leading to blindness and paralysis [1] . NMO was first described and coined in the late 1800s but only recognized to be an entity distinct from multiple sclerosis (MS) over the past 10 years with the discovery of a unique biomarker antibody that identifies the disease in up to 72 % of NMOSD patients with 999 % specificity [2] . NMOSD accounts for approximately 1.5 % of demyelinating diseases in Caucasian populations extrapolating to a prevalence of 0.52 to 4.4 per 100,000 [3] . Although the incidence of Neurologic Ophthalmology and Otology (RK Shin and DR Gold, Section Editors) demyelinating disease is lower in non-Caucasian countries, the percentage of demyelinating diseases made up by NMOSD is higher [4] .
Although rare throughout the world, NMOSD has received widespread attention because of the progress made in understanding the pathogenesis of disease and the identification of druggable targets for therapy. In 2005, the target of the NMO antibody was confirmed to be the aquaporin-4 water channel (AQP4) expressed on the end feet of astrocytes in the central nervous system [5] . The coordinated immunological attack against AQP4 is mediated by B and T cells, innate cells including neutrophils and eosinophils, the complement system, as well as pathogenic antibodies, each of which has been successfully targeted for therapy in NMO. Human treatment studies published to date are mostly retrospective, with a handful of prospective open-label series that provide an insight into the feasibility and potential efficacy of certain treatments. These small studies laid the foundation for investment in three worldwide, blinded, placebo-controlled pivotal trials competing to be the first approved medication for NMOSD. This review will include analysis of the aforementioned retrospective and prospective studies, as well as a discussion about the direction of the field of NMOSD treatment.
Treatment of NMOSD is divided into two goals: suppression of acute inflammatory relapse and prevention of future relapses. For the purposes of this review, we will review the data on these two treatment goals separately.
Acute treatment
NMOSD is a relapsing disease with repeated attacks leading to accumulating neurological damage and disability [6] . At the time of an acute relapse, neurological symptoms and signs localize to the acute NMOSD lesion where dysfunction occurs as a result of direct CNS damage as well as edema and secondary inflammation. The goals of acute treatment are to suppress the acute inflammatory attack, minimize CNS damage, and improve long-term neurological function.
Building on decades of experience using corticosteroids to treat inflammatory attacks in multiple sclerosis and other inflammatory conditions, high-dose intravenous methylprednisolone was widely adopted as a first-line agent to broadly suppress inflammation in acute NMOSD relapses. Data supporting the use of high-dose corticosteroids in MS have recently been challenged by the observation that they do not provide meaningful long-term improvement in neurological function because spontaneous healing and remyelination in MS may be equally effective [7] . This particular concern does not apply to NMOSD where studies have shown that permanent damage from relapses leads to cumulative disability. Therefore, the consensus among experts in NMOSD is that every relapse needs to be treated and high-dose corticosteroids are good starting agents because they are widely available, are simple to administer, and may provide some benefits in suppressing the acute inflammatory response [8] .
The typical starting dose for treatment of NMOSD is 1000 mg of methylprednisolone intravenously for 5 days, commonly followed by an oral steroid taper for 2-8 weeks depending on the severity of the attack [8] . Equivalent doses of other corticosteroids are likely equally effective as are other routes of administration given that bioavailability of intravenous versus oral corticosteroids are approximately the same [9] . The initial goal for corticosteroid use in acute NMOSD relapses is to reduce the edema and secondary inflammation in the lesion. This may have the immediate effect of mild to modest improvement in neurological function. For long lesions or severely inflamed attacks, additional steroid doses may be indicated.
If there is minimal or no improvement with high-dose corticosteroids based on the judgment of the treating physician, the use of plasma exchange (PLEX) has been shown to be effective in NMOSD [10] . PLEX involves the use of a centrifuge to separate the cells from a patient's plasma, whereupon the cells are returned to the patient and the plasma is replaced with saline±normal serum albumin. PLEX serves to remove plasma components involved in the inflammatory cascade and has the effect of suppressing active CNS inflammatory attack. The first study to demonstrate the benefit of PLEX against a sham control in a small number of subjects with NMOSD in 1999 suggested the procedure was safe and effective [11] . Additional studies since then have suggested that PLEX following a course of high-dose steroid is more effective than corticosteroids alone in achieving pre-attack neurological function [12] . Although the calculated risks of PLEX amount to nearly 36 % chance of line infections, blood clots, and other complications, the benefits of PLEX in acute NMO relapses far outweigh the risks [13] .
In both cases of corticosteroids or corticosteroids plus PLEX, the expectation is that after an initial period of improvement due to resolution of secondary inflammation and edema, there is a period of 6-24 months during which the healing process can lead to further improvement in neurological function. After the healing process, there can be additional improvements in function due to recruitment of other neurological circuits optimized by physical and occupational therapy [14] .
Beyond high-dose corticosteroids and PLEX, researchers have experimented with other approaches to the treatment of acute NMOSD relapses. Intravenous immunoglobulin (IVIg) has long been used for treatment of a variety of neuroimmunological conditions including Guillain-Barre syndrome and myasthenia gravis [15] , but its role in inflammatory disease of the CNS is less clear. In one series of ten subjects with NMOSD unresponsive to corticosteroids± PLEX, IVIg was helpful in five [16] ; this series prompted a larger, multi-center randomized controlled study in NMOSD and acute TM [17] . Small case series also support the use of cyclophosphamide in acute steroid/PLEX-unresponsive NMOSD attacks, especially in the context of systemic lupus erythematosus (SLE) and other systemic autoimmune diseases [18, 19] .
More specific acute therapies in NMOSD have been trialed recently. Damage in NMOSD relapses is mediated in part by the classical complement system beginning with antibody fixation and ending with the membrane attack process [20, 21] . An inhibitor of the classical complement cascade, C1-esterase inhibitor (Cinryze®) was recently demonstrated to improve outcomes of nine of ten NMOSD subjects back to their baseline neurological function after an acute relapse of either optic neuritis or transverse myelitis in NMOSD [22] . Another complement inhibitor, eculizumab (Soliris®) is also in trials for benefit in prevention of relapses in NMO (see below).
Preventive treatment
The first preventive therapy study in NMOSD was published in 1998 using azathioprine in seven subjects. Since then, six additional studies of azathioprine have been published worldwide in series as large as 103 subjects. Retrospective and prospective investigations with two other immunosuppressive medications, mycophenolate mofetil and rituximab, have dominated the NMOSD literature since 2006 nearly unanimously declaring a benefit in NMOSD in a majority of subjects [8] . Methotrexate, mitoxantrone, and prednisone have also been examined and used in a fair proportion of NMOSD patients worldwide. These studies are listed in Table 1 and described in more detail below.
Azathioprine
Azathioprine is a purine analog that interferes with DNA synthesis of rapidly proliferating cells, especially B and T lymphocytes. It was first used in heart and kidney transplants in the early 1960s and quickly adopted for treatment of a range of autoimmune diseases from hemolytic anemia to SLE and rheumatoid arthritis. It has been widely considered a first-line immunosuppressant medication for autoimmune diseases in combination with low-dose oral corticosteroids. The first series of seven such subjects with NMOSD was published in 1998 by Dr. Mandler and colleagues who demonstrated that this combination of 2 mg/kg/day of azathioprine plus oral prednisone at 1 mg/kg/day for the first 2 months tapered works to improve neurological function after relapses and to prevent future relapses, at least over 18 months [23] . In this study, patients were enrolled shortly after a relapse so their baseline disability scores were high: the mean Expanded Disability Status Scale score (EDSS) was 8.2, which then improved to a mean of 4.0 at the conclusion of the trial.
This initial success with azathioprine plus prednisone prompted widespread use in NMOSD that continues to this day. Larger series have since supported the initial observations in both children and adults with doses of azathioprine at the higher range of 3 mg/kg/day plus concurrent prednisone showing more benefit than azathioprine monotherapy. In three large NMOSD cohorts of 99 (Mayo), 103 (UK), and 77 (China) subjects treated with azathioprine for at least 1 year, treatment with azathioprine was successful in preventing relapses in 37-57 % of subjects [24] [25] [26] . The annualized relapse rate (ARR) in the Mayo cohort dropped from 2.20 to 0.52 in those taking more than 2 mg/kg/day and dropped from 2.09 to 0.82 in those taking less than 2 mg/kg/day, suggesting a dose-response effect [24] . In all three large azathioprine studies, the effect of prednisone was less clear because concurrent prednisone was usually weaned down in subjects who were doing well while purposely maintained or increased among those who relapsed despite azathioprine.
Side effects occurred in up to 60 % of patients taking azathioprine in these studies. The most common side effects were gastrointestinal and hematological, as with other diseases. In the Mayo cohort of 99 NMOSD subjects, three of them (3 %) developed treatment-related lymphoma, a known risk of azathioprine use [27] .
The combined experience with azathioprine in NMOSD suggests the medication has an approximately 50/50 chance of preventing additional relapses. Concurrent prednisone use helps to keep patients in remission while azathioprine takes effect, which can take up to 12 months. There are no reliable biomarkers of azathioprine effect used in common clinical practice but consensus opinion recommends increasing the dose of azathioprine closer to 3 mg/ kg/day if initial treatment fails. And if the higher dose fails to keep the disease in remission, switching to another medication class, such as rituximab, is suggested [8] . 
Mycophenolate
Mycophenolate mofetil, like azathioprine, is a purine analog anti-metabolite which interferes with lymphocyte proliferation. But unlike azathioprine, it was developed to be a specific immunosuppressive agent with limited side effects by targeting guanosine more than adenosine. Also, mycophenolate avoids production of thioguanosine which is incorporated into DNA and leads to treatment-related lymphomas with azathioprine. In head-to-head studies in autoimmune disease studies, mycophenolate is safer and slightly more effective than azathioprine [28, 29] . Many autoimmune diseases in which azathioprine have shown a benefit have been tested for improved safety and efficacy with mycophenolate, and NMOSD is no exception. The first series of 24 NMOSD subjects controlled on mycophenolate was published in 2009 and validated by additional groups in the US and Korea cohort sizes between 28 and 59 subjects. Compared to azathioprine, these three studies suggest mycophenolate is more effective at achieving remission in 60-75 % of subjects with fewer side effects and adverse events, most of which were not serious [30] [31] [32] .
The recommended starting dose for mycophenolate is 500 mg twice daily with up-titration every 6 weeks until the absolute lymphocyte count reaches the stable target of 1000-1500 cells/μl of blood without causing a rise in liver enzymes. Concurrent prednisone of 20-30 mg daily is typically used until the target lymphocyte count is reached, and then the prednisone is weaned off. In a few patients, a small dose of prednisone between 2.5 and 10 mg daily is continued if clinically indicated.
Rituximab
B cell depletion with anti-CD20 monoclonals as a treatment for autoimmune disease was first demonstrated in rheumatoid arthritis using rituximab in 2004 [33] , and since then has been used to treat a wide number of autoimmune conditions including myasthenia gravis, lupus, and multiple sclerosis that share immunopathogenic mechanism with NMOSD [34] . In 2005, the first open-label series of rituximab in NMOSD showed promise that has since been supported by 14 additional prospective and retrospective studies around the world with a total patient cohort of well over 300 subjects (Table 1 ). Although none of these studies were placebo controlled, they all show a sustained and powerful benefit in the treatment of NMOSD. In studies with persistent B cell depletion, remission rates up to 83 % were achieved [32] . In retrospective head-to-head studies comparing azathioprine, mycophenolate, and rituximab in NMO, rituximab was the most effective option, followed by mycophenolate and then azathioprine [32] .
The proposed mechanisms of action of rituximab in NMOSD include removal of B cells as antigen-presenting cells and reduction in the CD20+ early plasmablast population generating anti-aquaporin-4 antibodies (ref). Infusion of either 375 mg/m 2 or 1000 mg of rituximab leads to rapid depletion of circulating CD20+ mature B cells within a few hours. Additional doses of rituximab (375 mg/m 2 ×4 total weekly doses or another 1000 mg 2 weeks after the initial 1000 mg dose) provide long-lasting B cell depletion for 6-8 months.
The goal of therapy is to keep B cells depleted at all times, which can be achieved either by scheduled infusions every 6 months or based on CD19/20 B cell counts tested monthly.
B cells in peripheral organs and the CNS cannot be reached by intravenous rituximab and may explain why the risk of opportunistic infections in patients with autoimmune disease on rituximab is not statistically increased compared to placebo [35] . The most common and serious adverse reaction with rituximab is allergy due to lysis of circulating lymphocytes and release of cytokines and is greater in patients with replete B cell counts [36] . True anaphylactic reactions mediated by IgE have been reported [37] , but most allergic infusion reactions to rituximab can be prevented by starting with a slow infusion rate and using preventive medications such as diphenhydramine (25-50 mg), methylprednisolone (100 mg), and acetaminophen (650 mg) up to 45 min prior to infusion.
Other preventive immunosuppressants
Corticosteroids have been used extensively in the treatment of autoimmune disease for decades. They are an effective add-on agent to prevent relapses in NMOSD when used with anti-metabolite such as azathioprine or mycophenolate and may be useful as monotherapy as well [38] . However, the use of prednisone in NMOSD is limited by serious complications including hyperglycemia, hypertension, insomnia, mood swings, truncal weight gait, osteoporosis, and glaucoma.
Methotrexate is another anti-metabolite (like azathioprine and mycophenolate) that has been studied in NMOSD. Weekly methotrexate at a dose of 50 mg used as monotherapy or in combination with corticosteroids/ cyclophosphamide led to remission in about two thirds of subjects [39, 40] . Methotrexate was generally well tolerated in these cohorts. Mitoxantrone, an anthracenedione antineoplastic medication that intercalates DNA and inhibits topoisomerase II, has been studied in three patient populations (Table 1) and can lead to NMOSD disease remission in up to 70 % of subjects when dosed appropriately [41, 42] . Serious adverse events including heart failure and leukemia observed in these small cohorts have curbed widespread enthusiasm for mitoxantrone in NMOSD.
Ongoing trials in NMOSD
Three promising trials have launched in the NMOSD preventive therapy space, two of which have been tested in pilot studies in NMOSD, eculizumab and tocilizumab.
Eculizumab is a C5 complement inhibitor that blocks the terminal activation of complement and the membrane attack complex. The rationale behind testing a complement inhibitor in NMOSD is based on the pathology of NMO lesions showing extensive complement deposition [20, 43] . In an open-label study of 14 subjects, of which 8 subjects proved unresponsive to other immunosuppressants, eculizumab appeared to suppress nearly all disease activities [44] . Only two relapses occurred to all subjects over the year of treatment, and both of them were mild in severity. One subject became infected with meningococcal bacteremia, a known risk with eculizumab, but was treated and continued in the study. The success of this trial prompted a worldwide, placebocontrolled registrational trial of eculizumab in seropositive NMOSD, which is expected to complete enrollment in 2016.
Tocilizumab is a blocker of the interleukin-6 (IL-6) receptor and has been approved for treatment of rheumatoid arthritis and juvenile idiopathic arthritis. The rationale behind testing an IL-6 receptor antagonist in NMOSD is based on the reportedly high levels of the pro-inflammatory IL-6 measured in the blood and spinal fluid of relapsing, actively inflamed NMOSD patients [45] [46] [47] . In a pilot study of seven Japanese NMOSD patients, tocilizumab added to background immunosuppressants such as azathioprione or prednisone provided additional reduction in relapse rates [48] . Plus, tocilizumab reduced pain scores in these subjects due to the role of IL-6 in spinal cord pain pathways. The dual pain/immunosuppressive benefit was confirmed in a German study of eight NMOSD patients on tocilizumab monotherapy [49] . These studies have prompted a worldwide, placebo-controlled registrational trial of SA237, an anti-IL-6 receptor blocking monoclonal antibody applied with recycling antibody technology that extends the dosing frequency to once monthly by intramuscular injection. This study is also expected to complete enrollment in 2016.
A third worldwide, placebo-controlled, registrational trial has launched in NMOSD testing the ability of MEDI-551, a CD19 monoclonal antibody, to prevent relapses [50] . Based on the success of rituximab, a CD19+ B cell-depleting medication would be expected to perform as well or better because earlier B cells and more mature plasmablasts would be depleted compared to rituximab.
Symptomatic treatment
Symptomatic treatment of immobility, neuropathic pain, spasticity, urinary retention/incontinence, depression, fatigue, and cognitive dysfunction in NMOSD patients have not been adequately studied, especially compared to the numerous studies of immunotherapies to prevent relapses. Even after successful induction of remission, NMOSD patients contend with serious complications of the spinal cord and brainstem and optic nerve damage that limit their quality of life. The most common consequence of CNS inflammation in NMOSD is pain, manifesting as a combination of neuropathic pain described as a constant burning, tingling, and electrical discomfort, and spastic pain described as an intermittent muscular tightening pain. A review of the literature in NMOSD symptomatic management yields little in the way of evidence; therefore, the recommendations provided in this section are based on experience and must be tailored to individual circumstances.
Recovery of neurological function
Transverse myelitis attacks in NMOSD tend to be long and severe, causing extensive damage to astrocytes, myelinated tracts, and underlying neural tissue in the gray matter of the spinal cord. With involvement of the corticospinal tracts, anterior corticospinal tracts, or the cerebellar-spinal tracts, patients can present with difficulty walking either due to loss of motor strength in the legs and trunk or due to incoordination. Involvement of sensory tracts, especially the dorsal columns carrying proprioceptive information, can cause walking problems due to sensory ataxia. In the two acute NMOSD studies published to date, the majority of subjects with attacks of transverse myelitis had difficulty walking as part of their presentation [22, 51] .
Following acute treatment of NMOSD transverse myelitis with highdose corticosteroids±plasma exchange, the objective is to return to baseline neurological function. The initial recovery of function observed in the first few days is due to reduction of inflammation in the spinal cord that directly disrupted signal conduction in the spinal cord. Recovery of the next 6 months (or longer in younger patients) is attributable to biological healing and partial remyelination within the spinal cord. Development of new circuits within the spinal cord and between and the spinal cord and the brain can compensate for pathways that are permanently damaged. These new circuits can be strengthened with continued exercise and guided physical therapy. The purposes of a physical therapy trainer in the recovery process after transverse myelitis are as follows: (1) prevent harm to the patient due to incorrect posture or compensation as a result of the injury, (2) teach and encourage the patient the correct way to practice walking or mobility exercises, and (3) adjust the training program as the patient heals and improves over time.
There is one trial currently underway focused on improving mobility and gait in patients with transverse myelitis including myelitis patients with NMOSD. This trial is testing dalfampridine (Ampyra®), a potassium channel blocker currently approved for multiple sclerosis, at the same dose of 10 mg twice daily in monophasic transverse myelitis patients. While NMOSD subjects are not excluded, subjects can only have one spinal cord lesion because part of the study involves the use of transcranial magnetic stimulation to measure the speed of electrical conduction in the spinal cord across the lesion with and without dalfampridine. The trial is completely enrolled and is expected to report results in spring 2016.
Two remyelination trials may impact on NMOSD mobility in the future. Anti-lingo is an antibody developed to stop the inhibition of remyelination following an inflammatory attack of the CNS. It has been tested in optic neuritis and showed some benefits in objective measures such as visual evoked potential latency. Recombinant human IgM22 (RhIgM22) is an IgM product that binds to myelin and stimulates oligodendrocyte proliferation. It proved safe in a recent phase I study and is now undergoing additional phase I testing. Both of these remyelination approaches may be application following transverse myelitis attacks in NMOSD as well.
Stem cell hold the promise of true regeneration of CNS tissue previously thought to be permanently damaged. At the present, there is one trial of mesenchymal stem cells in NMOSD, two trials of neural stem cells in traumatic spinal cord injury, and several trials of mesenchymal stem cells in spinal cord injury that are all in progress [52] . These important studies will shed light on the potential use of stem cells in CNS regeneration that may hopefully be applied in NMOSD in the future.
Pain
Up to 86 % of NMOSD patients report pain as a consequence of their disease and was the most common initial complaint in clinic [53, 54] . Most patients do not distinguish between neuropathic pain and spastic pain but on careful questioning, neuropathic pain tends to be more common and difficult to treat with conventional therapies.
There are four general classes of pain medications commonly used in NMOSD patients: (1) anti-epileptic medications (e.g., gabapentin, carbamazepine), (2) anti-spasmodics (e.g., baclofen, tizanidine), (3) anti-depressants (e.g., amitriptyline, duloxetine), and (4) analgesics (e.g., tramadol, opiates). First-line agents that have been most effective in treating both neuropathic and spastic pain are anti-epileptic medications. Gabapentin dosing is usually started at 300 mg three times daily and titrated up as needed weekly up to a maximum dose of 2400 mg per day. In the absence of kidney disease, gabapentin monitoring is unnecessary and can be dosed at the minimum effective dose according to patient report of efficacy versus side effects with sedation as the dose-limiting factor. Carbamazepine at 100-200 mg twice daily is also particularly effective at treating both neuropathic and spastic pain in NMO [55] and can be added to gabapentin. When a combination of two anti-epileptic medications is insufficient to manage neuropathic pain, an anti-depressant is usually added to the regimen. Amitriptyline is a particularly effective agent in this regard starting at a dose of 25 mg nightly and titrating up biweekly to 150 mg nightly as tolerated, also limited by sedation. For those who cannot tolerate the sedation from amitriptyline, duloxetine at a dose of 60 mg twice daily is often an effective substitute. For NMOSD patients with persistent tonic spasms, rather than intermittent spasms, an anti-spasmodic can reduce the spasticity. Baclofen at doses of 5-20 mg three times daily is good at reducing spasticity, as are other anti-spasmodics, but they can also make patients feel weaker especially while walking. In a few patients where all efforts have failed to reduce pain to a tolerable level, analgesics can be used sparingly and temporarily while the longterm goal of finding other medications or non-medical interventions continues on a trial-and-error basis.
Urinary retention/incontinence
Micturition is initiated by the brain, which sends tracts to the bladder and pelvic floor through the spinal cord. Descending sympathetic and parasympathetic tracts run down the spinal cord in between the corticospinal tracts and the gray matter bilaterally. Sympathetic nerves destined for the urethra and pelvic floor synapse in the intermediolateral nucleus of the lumbar cord function to close the sphincters to prevent urine leaks. The parasympathetic serves destined for the bladder wall synapse in the lateral horn of the gray matter in the lumbar cord and function to contract the bladder during voiding. An acute lesion of the cervical spinal cord would cause loss of function of both autonomic systems which causes both bladder flaccidity and incontinence. Lower thoracic and lumbar lesions on the spinal cord cause acute urinary retention because of unbalanced sympathetic stimulation to the urethral outlet that exited the spinal cord rostral to the lesion. In these situations, patients are usually unable to sense that their bladder is full which can delay appropriate treatment.
There are two options for patients with urinary retention. The most widely recommended option by urologists is clean, intermittent self-catheterization at least three times daily or more often depending on bladder volumes throughout the day [56] . In longer term, some patients opt for an indwelling suprapubic catheter but all catheters tend to become sources of infection over time [57] . The second option is bethanechol, a parasympathetic agonist that increases bladder muscle tone and contraction at a dose of 25 mg three or four times daily [58] .
Bethanechol is best for those who have some retained ability to relax the urethral sphincter. A trial of bethanechol can be performed within 1-2 h to determine whether it works for an individual patient. Side effects due to parasympathetic overstimulation are generally mild and include upset stomach, dizziness, and sweating/flushing.
There are several options for patients with urinary incontinence [59] . One approach involves scheduling frequent bathroom trips to keep the bladder from overfilling and thereby avoid leaks. In combination with pelvic floor muscle exercises, this method can provide long-term control without medication or intervention. The problem with this approach is that patients cannot always plan a bathroom break especially while at work or traveling. A second method to treatment urinary incontinence uses anti-cholinergic medications to block the parasympathetic innervation of the bladder wall therapy preventing spasms and allowing the bladder to expand without increasing pressure on the urethral sphincter. There are six FDA-approved medications that can be tried for patients that work in this way. A third method involves multiple injections of onabolutinumtoxinA (Botox) into the bladder wall to achieve a 3-6-month period of bladder wall relaxation. Botox is somewhat more effective in blocking bladder spasms associated with urinary incontinence than medication (ref) and avoids medication side effects, but it does require repeat intervention 2-3 times per year when the Botox wears off.
Fatigue/depression/cognition
Psychological issues related to NMO may be due to direct inflammatory influence on higher neuronal circuitry or may be related to complications from optic neuritis and transverse myelitis. Among the most disabling of these psychological issues are fatigue, depression, and cognitive problems [60] .
The work-up for fatigue includes a thorough assessment of sleep habits, medication side effects, and depression. NMOSD patients can have primary sleep disorders, as well as sleep disorders secondary to repeat awakenings due to nocturia, chronic pain, and obstructive sleep apnea. Sleep disorders not only lead to fatigue, but they also impact a patient's recovery potential and overall neurological well-being [61, 62] . Many medications that patients use for pain control and muscle spasticity cause fatigue. Sometimes, a transient side effect of fatigue is worth the benefit provided by the medication, but if not, alternative medications can be considered or the dose of the sedating medication can be reduced. Stimulants such as modafinil have been used empirically in autoimmune neurological conditions and may be helpful in certain circumstances [63] . Depression in NMOSD has been recognized as both primary and secondary etiologies [61, 62] . In either circumstance, a combination of behavioral therapy, psychotherapy, and medication may be helpful. Cognitive problems in NMOSD may be due to depression, fatigue, and medication but may occasionally be due to primary involvement of the subcortical or cortical brain matter. Research in cognition of NMO patients is ongoing, and specific therapies have not yet been developed [64, 65] .
Summary
Research in NMOSD has come very far since the first trial of azathioprine 17 years ago. For a rare disease, NMOSD has the focus of over 30 treatment studies and many more epidemiology and case series highlighting important aspects of the disease. The popularity of NMOSD is due in large part to the discovery of the highly specific blood biomarker that effectively identifies NMOSD patients and distinguishes them from other diseases. The biomarker and its immune target have also been subjects of intense basic science investigations that have directly led to new clinical trials in acute, preventive, and symptomatic treatment of NMOSD. This review provides a snapshot of the current standards of care, as well as empiric therapy, which are likely to be updated frequently over the coming years.
